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1
MULITILAYER CERAMIC CAPACITOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2015-242109 filed on Dec. 11, 2015.
The entire contents of this application are hereby incorpo-

rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a multilayer ceramic capacitor.

2. Description of the Related Art

In recent years, the reduction 1n size for mobile electronic
devices has been advanced. Mobile electronic devices have
a large number of multilayer ceramic electronic components
mounted, and with the reduction in size for the mobile
electronic devices, the reduction in size has been also
required for the multilayer ceramic electronic components.
Furthermore, for multilayer ceramic electronic components
with external electrodes formed on both end surfaces of
laminated bodies including internal electrodes, there 1s a
need to form, in order to mount the components on wiring
patterns of circuit boards, solder fillets that spread like
foundations of mountains between the external electrodes
and the wiring patterns. Therelfore, there 1s a need to form the
wiring patterns of the circuit boards to undergo an increase
in size by the solder fillets from the end surfaces of the
multilayer ceramic electronic components, and the spaces
for mounting the multilayer ceramic electronic component
will, thus, be increased. However, with the reduction 1n size
for the mobile electronic devices, 1n addition to the reduction
in size for the multilayer ceramic electronic components, it
1s also required that the mounting intervals between com-
ponents mounted on the circuit boards should be reduced to
reduce the mounting spaces.

Now, there 1s, as a multilayer ceramic electronic compo-
nent, for example, a multilayer ceramic capacitor 1 that has
internal electrodes 2 formed to be perpendicular to mounting
surface for a circuit board, with the internal electrodes 2
extended to external electrodes 3 formed on the mounting
surface, as shown in FIG. 14. This multilayer ceramic
capacitor 1, which 1s able to be mounted on a wiring pattern
of the circuit board with the external electrodes 3 formed on
one mounting surface, requires no solder fillets that spread
externally from ends of the multilayer ceramic capacitor,
thereby making 1t possible to reduce the space for mounting,
the multilayer ceramic capacitor 1 (see Japanese Patent
Application Laid-Open No. 10-289837).

In this regard, recent multilayer ceramic capacitors have
been used 1n more severe environments as compared with
conventional capacitors, and thus, for example, with shocks
caused by falls of mobile devices, such as cellular phones
and portable music players, and as for capacitors used 1n
in-car devices, such as ECUs, multilayer ceramic capacitors
may be cracked with external electrode ends or the like of
the multilayer ceramic capacitors as starting points by
deflection stress generated through thermal expansion and
contraction ol mounting boards in response to thermal
cycles.

However, in the case of the internal electrode pattern (that
1s, the internal electrode pattern such as first internal elec-
trodes and second internal electrodes opposed) of the mul-
tilayer ceramic capacitor disclosed 1in Japanese Patent Appli-

cation Laid-Open No. 10-289837 as shown in FIG. 14, when
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the multilayer ceramic capacitor 1s cracked as described
above, short circuits may be caused between the internal
clectrodes with different polanities, thereby causing short
circuit defects.

SUMMARY OF THE

INVENTION

Preferred embodiments of the invention provide a multi-
layer ceramic capacitor which significantly reduces or pre-
vents the generation of short-circuit defects, even when the
multilayer ceramic capacitor 1s cracked.

A multilayer ceramic capacitor according to a preferred
embodiment of the invention includes a laminated body that
includes a plurality of ceramic layers laminated, first and
second principal surfaces which are opposed to each other,
first and second side surfaces which are opposed to each
other in the laminating direction, and first and second end
surfaces which are opposed to each other, with one of the
first and second principal surfaces defining a mounting
surface; a first internal electrode disposed on the surface of
the ceramic layer in the laminated body, and partially
exposed at one of the first and second principal surfaces; a
second internal electrode disposed on the surface of a same
ceramic layer as the ceramic layer on which the first internal
electrode 1s disposed, arranged spaced away from the first
internal electrode, and partially exposed at one of the first
and second principal surfaces; a first auxiliary conductor
disposed 1n the laminated body, disposed on a surface of a
different ceramic layer from the ceramic layer on which the
first and second internal electrodes are disposed, and unex-
posed at any of the surfaces of the laminated body; a second
auxiliary conductor disposed on the surface of the same
ceramic layer as the ceramic layer on which the first auxil-
1ary conductor 1s disposed, arranged spaced away from the
first auxiliary conductor, and exposed at one of the first and
second principal surfaces; a third auxiliary conductor dis-
posed on the surface of the same ceramic layer as the
ceramic layer on which the first and second auxiliary con-
ductors are disposed, arranged spaced away from the first
and second auxiliary conductors, and exposed at one of the
first and second principal surfaces; a first external electrode
connected to the first internal electrode and the second
auxiliary conductor, and disposed on the first or second
principal surface; and a second external electrode connected
to the second internal electrode and the third auxiliary
conductor, and disposed on the first or second principal
surtface.

In addition, 1n the multilayer ceramic capacitor according,
to a preferred embodiment of the invention, preferably, the
first internal electrode 1s further exposed partially at the first
end surface, the second 1nternal electrode 1s further exposed
partially at the second end surface, the second auxiliary
conductor 1s further exposed partially at the first end surface,
the third auxiliary conductor 1s further exposed partially at
the second end surface, the first external electrode 1s con-
nected to the first internal electrode and the second auxiliary
conductor, and disposed partially on the first or second
principal surface to the first end surface, and the second
external electrode 1s connected to the second internal elec-
trode and the third auxiliary conductor, and disposed par-
tially on the first or second principal surface to the second
end surface.

In addition, 1n the multilayer ceramic capacitor according,
to a preferred embodiment of the invention, the first and
second internal electrodes preferably have an L-shaped, and
the first auxiliary conductor, the second auxiliary conductor,
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and the third auxiliary conductor preferably have a rectan-
gular or substantially rectangular shape.

Furthermore, a multilayer ceramic capacitor according to
a preferred embodiment of the mvention includes a lami-
nated body that includes a plurality of ceramic layers that are
laminated, first and second principal surfaces which are
opposed to each other, first and second side surfaces which
are opposed to each other 1n the laminating direction, and
first and second end surfaces which are opposed to each
other, with one of the first or second principal surface
defining a mounting surface; a first internal electrode dis-
posed on a surface of a ceramic layer in the laminated body,
and partially exposed at the first and second principal
surfaces; a second 1nternal electrode disposed on the surface
of the same ceramic layer as the ceramic layer on which the
first internal electrode 1s disposed, arranged spaced away
from the first internal electrode, and partially extended at the
first and second principal surfaces; a first auxiliary conduc-
tor disposed 1n the laminated body, disposed on a surface of
a different ceramic layer from the ceramic layer on which the
first and second internal electrodes are disposed, and unex-
posed at any of the surfaces of the laminated body; a second
auxiliary conductor disposed on the surface of the same
ceramic layer as the ceramic layer on which the first auxil-
1ary conductor 1s disposed, arranged spaced away from the
first auxiliary conductor, and exposed at one of the first and
second principal surfaces; a third auxiliary conductor dis-
posed on the surface of the same ceramic layer as the
ceramic layer on which the first and second auxiliary con-
ductors 1s disposed, arranged spaced away from the first and
second auxiliary conductors, and exposed at any one of the
first and second principal surfaces; a fourth auxiliary con-
ductor disposed on the surface of the same ceramic layer as
the ceramic layer on which the first, second, and third
auxiliary conductors are disposed, arranged spaced away
from the first, second, and third auxiliary conductors, and
exposed at the principal surface opposed to the surface on
which the second auxiliary conductor i1s disposed; a fifth
auxiliary conductor disposed on the surface of the same
ceramic layer as the ceramic layer on which the first, second,
third, and fourth auxiliary conductors are disposed, arranged
spaced away from the first, second, third, and fourth auxil-
lary conductors, and exposed at the principal surface
opposed to the surface with the third auxiliary conductor
disposed; a first external electrode disposed on the second
principal surface and connected to the first internal electrode
and the second auxiliary conductor; a second external elec-
trode disposed on the second principal surface and con-
nected to the second internal electrode and the third auxil-
iary conductor; a third external electrode disposed on the
first principal surface and connected to the first internal
clectrode and the fourth auxiliary conductor; and a fourth
external electrode disposed on the first principal surface and
connected to the second internal electrode and the fifth
auxiliary conductor.

In addition, in the multilayer ceramic capacitor according,
to a preferred embodiment of the mvention, preferably, the
first internal electrode 1s further exposed partially at the first
end surface, the second 1nternal electrode 1s further exposed
partially at the second end surface, the second auxiliary
conductor and the fourth auxiliary conductor are further
exposed partially at the first end surface, the third auxiliary
conductor and the fifth auxiliary conductor are further
exposed partially at the second end surface, the first external
clectrode 1s connected to the first internal electrode and the
second auxiliary conductor, and disposed partially on the
second principal surface to the first end surface, the second
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external electrode 1s connected to the second internal elec-
trode and the third auxiliary conductor, and disposed par-
tially on the second principal surface to the second end
surface, the third external electrode 1s connected to the first
internal electrode and the fourth auxiliary conductor, and
disposed partially on the first principal surface to the first
end surface, and the fourth external electrode 1s connected to
the second internal electrode and the fifth auxiliary conduc-
tor, and disposed partially on the first principal surface to the
second end surface.

In addition, 1n the multilayer ceramic capacitor according,
to a preferred embodiment of the ivention, the first and
second internal electrodes preferably have a T-shape, and the
first auxiliary conductor, the second auxiliary conductor, the
third auxiliary conductor, the fourth auxiliary conductor, and
the fifth auxiliary conductor preferably have a rectangular or
substantially rectangular shape.

In the example of the multilayer ceramic capacitor
according to a preferred embodiment of the invention, in the
laminated body, the first internal electrode and the second
internal electrode provided on the same ceramic layer are
arranged spaced away from each other. Thus, even when
cither the first internal electrode or the second internal
electrode 1s short-circuited, the other one of first internal
clectrode or second internal electrode which 1s not short-
circuited 1s able to maintain the capacitor function, because
the first nternal electrode and the second internal electrode
are arranged spaced away from each other.

Therefore, even when the multilayer ceramic capacitor 1s
cracked, a multilayer ceramic capacitor 1s provided which
includes the function of preventing short circuit defects from
occurring (so-called fail-safe function).

In addition, 1n a preferred embodiment of the multilayer
ceramic capacitor, the ceramic layer on which the first,
second, and third auxiliary conductors are disposed 1s adja-
cent to the different ceramic layer with the first and second
internal electrode disposed. Thus, even 11 the laminated body
1s cracked from the first and second external electrodes or
the like, 1t 1s possible to prevent the first internal electrodes
or second internal electrode with a different polarity from
being connected to each other. Therefore, even when the
multilayer ceramic capacitor 1s cracked, a multilayer
ceramic capacitor 1s provided which includes the function of
preventing short circuit defects from occurring (so-called
fail-sate function).

According to various preferred embodiments of the inven-
tion, a multilayer ceramic capacitor 1s obtained which sig-
nificantly reduces or prevents the generation of short-circuit

defects, even when the multilayer ceramic capacitor 1is
cracked.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

FIG. 1 1s a perspective view 1llustrating a first preferred
embodiment of a multilayer ceramic capacitor according to
the present invention.

FIG. 2 1s a cross-sectional view of the multilayer ceramic
capacitor shown 1n FIG. 1 along the line I-1.

FIG. 3 1s an exploded perspective view of the laminated

body shown in FIGS. 1 and 2.
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FIG. 4 1s a perspective view 1llustrating a modified
example of the first preferred embodiment of the multilayer

ceramic capacitor according to the present invention.

FIG. 35 1s a cross-sectional view of the multilayer ceramic
capacitor shown 1n FIG. 4 along the line II-II.

FIG. 6 15 an exploded perspective view of the laminated
body shown 1n FIGS. 4 and 5.

FIG. 7 1s a perspective view illustrating a second preferred
embodiment of the multilayer ceramic capacitor according
to the present invention.

FIG. 8 1s a cross-sectional view of the multilayer ceramic
capacitor shown 1n FIG. 7 along the line III-III.

FIG. 9 1s an exploded perspective view of the laminated
body shown 1 FIGS. 7 and 8.

FIG. 10 1s a perspective view 1llustrating a modified
example of the second preferred embodiment of the multi-
layer ceramic capacitor according to the present invention.

FI1G. 11 1s a cross-sectional view of the multilayer ceramic
capacitor shown 1n FIG. 10 along the line IV-IV.

FIG. 12 1s an exploded perspective view of the laminated
body shown i FIGS. 10 and 11.

FIG. 13 1s a plan view illustrating a ceramic green sheet
with conductive paste layers formed for manufacturing the
multilayer ceramic capacitor shown in FIGS. 1 through 3.

FIG. 14 1s an exploded perspective view illustrating an
example of a conventional multilayer ceramic capacitor.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

1. Multilayer Ceramic Capacitor

(1) First Preferred Embodiment

A multilayer ceramic capacitor according to a {first pre-
ferred embodiment of the present invention will be
described. FIG. 1 15 a perspective view illustrating the first
preferred embodiment of the multilayer ceramic capacitor
according to the present imnvention, and FIG. 2 1s a cross-
sectional view of the multilayer ceramic capacitor shown 1n
FIG. 1 along the line I-1.

FIG. 3 1s an exploded perspective view of the laminated
body shown 1n FIGS. 1 and 2.

The multilayer ceramic capacitor 10 includes a laminated
body 12 having a cuboid or substantially cuboid shape, and
external electrodes 14.

The laminated body 12 includes multiple ceramic layers
16, multiple internal electrodes 18, and multiple auxihiary
conductors 20. The laminated body 12 includes a first
principal surface 12q and a second principal surface 125
opposed to each other, a first side surface 12¢ and a second
side surface 12d opposed to the laminating direction and
opposed to each other, and a first end surface 12¢ and a
second end surface 12f opposed to each other. The first
principal surface 12a and the second principal surface 125
cach extend in a length direction L and a width direction W.
The first side surface 12¢ and the second side surface 12d
cach extend in the length direction L. and a thickness
direction T. The first end surface 12¢ and the second end
surface 12f each extend in the width direction W and the
thickness direction T. The first principal surface 12q and the
second principal surface 126 refer to surfaces that are
parallel or substantially parallel to a surface on which the
multilayer ceramic capacitor 10 1s to be mounted (mounting,
surface). Therefore, the length direction L refers to a direc-
tion of connection of the pair of end surfaces to each other,
the width direction W refers to a direction of connection of
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6

the pair of side surfaces to each other, and the thickness
direction T refers to a direction of connection of the pair of
principal surfaces to each other.

In addition, the laminated body 12 preferably includes
rounded corners and ridges. In this regard, the corner refers
to the itersection of three surfaces of the laminated body
12, and the nndge refers to the intersection of two surfaces of
the laminated body 12.

The ceramic layers 16 include outer-layer portions 16a
and an mner-layer portion 16b. The outer-layer portions 16a
are located closer to the first side surface 12¢ and second
side surface 124 of the laminated body 12, and include the
ceramic layers 16 located between the first side surface 12¢
and the internal electrode 18 closest to the first side surface
12¢, and the ceramic layers 16 located between the second
side surface 124 and the 1nternal electrode 18 closest to the
second side surface 12d4. The outer layer portion 16a 1s
preferably about 18 um or more and about 900 um or less in
thickness, for example. Further, the region sandwiched
between both of the outer-layer portions 16a 1s the inner-
layer portion 165b.

The ceramic layers 16 may be made of, for example, a
dielectric material. As the dielectric material, a dielectric
ceramic may be used which includes a constituent such as,
for example, BaTi10,, CaTiO,, SrT10;, or CaZrO,. In the
example of the dielectric material as a main constituent, the
dielectric material obtained with the addition of a constituent
that 1s lower in content than the main constituent, for
example, a Mn compound, a Fe compound, a Cr compound,
a Co compound, a N1 compound, may be used, depending on
characteristics of the multilayer ceramic capacitor 10
desired.

The fired ceramic layer 16 1s preferably about 0.5 um or
more and about 10 um or less 1 thickness, for example.

In the multilayer ceramic capacitor 10, the internal elec-
trodes 18 and the auxiliary conductors 20 are laminated
alternately with the ceramic layers 16 interposed therebe-
tween 1n the laminated body 12, as shown 1n FIGS. 2 and 3.

The laminated body 12 includes, as the multiple internal
clectrodes 18, a plurality of first imnternal electrodes 18a and
a plurality of second internal electrodes 18b. The first
internal electrodes 18a are disposed on the surfaces of the
ceramic layers 16. In addition, the first internal electrodes
18a each with a first opposed electrode portion 22a opposed
to the first side surtace 12¢ and the second side surtace 124,
are laminated i1n the direction of connecting the first side
surtace 12¢ and the second side surface 124

In addition, the second internal electrodes 1856 are dis-
posed on the surfaces of the same ceramic layers 16 as the
ceramic layers 16 with the first internal electrodes 18a
disposed thereon. The second internal electrodes 185 each
with a second opposed electrode portion 226 opposed to the
first side surtace 12¢ and the second side surface 124, are
laminated 1n the direction of connecting the first side surface
12¢ and the second side surface 12d. The first internal
clectrodes 18a are disposed closer to the first end surface
12e, whereas the second internal electrodes 185 are disposed
closer to the second end surface 12f. In addition, the first
internal electrode 18a and the second internal electrode 1856
are arranged spaced away from each other on the surface of
the same ceramic layer 16.

The first internal electrodes 18a include first extended
clectrode portions 24a that extend to the second principal
surface 126 of the laminated body 12. The first extended
clectrode portions 24a are extended closer to the first end
surface 12¢ of the laminated body 12. The second internal
clectrodes 186 include second extended electrode portions
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24b that extend to the second principal surface 126 of the
laminated body 12. The second extended electrode portions
24b are extended closer to the second end surface 12f of the
laminated body 12, at intervals from the first extended
clectrode portions 24a. The first internal electrodes 18a and
the second 1nternal electrodes 185 are not exposed at the first
principal surface 12a, both side surfaces 12¢ and 124, and
both end surfaces 12¢ and 12/ of the laminated body 12.
Further, the first internal electrodes 184 and the second
internal electrodes 185 preferably have an L or substantially
L. shape.

It 1s to be noted that the first extended electrode portions
24a of the first internal electrodes 18a may be extended only
to the first principal surface 12a, and 1n this case, the second
extended electrode portions 245 of the second internal
clectrode 185 are extended only to the first principal surface
12a.

The first internal electrodes 18a and the second internal
clectrodes 185 are disposed perpendicular or substantially
perpendicular to the first principal surface 12a and second
principal surface 126 of the laminated body 12. The first
opposed electrode portions 22a of the first internal elec-
trodes 18a and the second opposed electrode portions 2256 of
the second internal electrodes 185 are disposed to be mutu-
ally opposed to the auxiliary conductors 20.

In addition, the laminated body 12 includes side portions
(gaps) of the laminated body 12, which are provided
between an end of the first opposed electrode portion 224 in
the length direction L and the first end surface 12e, and
between the other end of the second opposed electrode
portion 2256 1n the length direction L and the second end
surface 12/.

Furthermore, the laminated body 12 includes side por-
tions (gaps) of the laminated body 12, which are provided
between an end of the first internal electrode 18a on the side
opposite to the first extended electrode portion 24a and the
second principal surface 125, and between an end of the
second internal electrode 186 on the side opposite to the
second extended electrode portion 245 and the first principal
surface 12a.

The materials of the first internal electrodes 18a and
second 1nternal electrodes 185 may preferably be composed
of, for example, a metal such as N1, Cu, Ag, Pd, and Au, or
an alloy containing one or more of the metals, for example,
an Ag—Pd alloy. The first internal electrodes 18a and the
second internal electrodes 185 may further include dielectric
grains of the same or similar composition as the ceramic
included in the ceramic layers 16. The first internal elec-
trodes 18a and the second internal electrodes 1856 are each
preferably about 0.1 um or more and about 2.0 um or less in
thickness, for example.

The laminated body 12 includes, as the multiple auxiliary
conductors 20, a plurality of first auxiliary conductors 20a,
a plurality of second auxiliary conductors 205, and a plu-
rality of third auxiliary conductors 20c.

The first auxiliary conductors 20a are disposed on sur-
faces of the ceramic layers 16 which are different from the
ceramic layers 16 with the internal electrodes 18 disposed,
and disposed so as not to be exposed at the surface of the
laminated body 12. The shapes of the first auxiliary con-
ductors 20a are not particularly limited, but are preferably
rectangular or substantially rectangular.

The second auxiliary conductors 206 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 with the first auxiliary conductors 20a disposed. The
second auxiliary conductors 206 are arranged spaced away
from the first auxiliary conductors 20a, and disposed so as
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to be exposed at the second principal surface 126. In
addition, the second auxiliary conductors 206 are disposed
closer to the first end surface 12e. The shapes of the second
auxiliary conductors 206 are not particularly limited, but
preferably rectangular.

The third auxiliary conductors 20c¢ are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 with the first auxiliary conductors 20a and second
auxiliary conductors 205 disposed. The third auxiliary con-
ductors 20c are arranged spaced away from the first auxil-
1ary conductors 20aq and the second auxiliary conductors
205, and disposed so as to be exposed at the second principal
surface 12b6. In addition, the third auxiliary conductors 20c¢
are disposed closer to the second end surface 12f. The shapes
of the third auxiliary conductors 20c¢ are not particularly
limited, but are preferably rectangular or substantially rect-
angular.

When the first internal electrodes 18a and the second
internal electrodes 1856 have L shapes, and the first auxiliary
conductors 20qa, the second auxiliary conductors 205, and
the third auxiliary conductors 20¢ have rectangular or sub-
stantially rectangular shapes, the printability of internal
clectrode patterns and auxiliary conductor patterns 1s
improved in the manufacturing process, and enables easy
formation of the first auxiliary conductors 20a, the second
auxiliary conductors 205, and the third auxiliary conductors
20c.

The materials of the first auxiliary conductors 20a, second
auxiliary conductors 205, and third auxiliary conductors 20c¢
may preferably be composed of, for example, a metal such
as N1, Cu, Ag, Pd, and Au, or an alloy containing one or
more of the metals, for example, an Ag—Pd alloy. The
materials of the first auxiliary conductors 20qa, second aux-
iliary conductors 2056, and third auxiliary conductors 20c
may further include dielectric grains of the same or similar
composition as the ceramic included in the ceramic layers
16. The materials of the first auxiliary conductors 20a,
second auxiliary conductors 2056, and third auxiliary con-
ductors 20c are each preferably about 0.1 um or more and
about 2.0 um or less 1n thickness, for example.

The external electrodes 14 are provided on the second
principal surface 1256 of the laminated body 12. The external
clectrodes 14 include a first external electrode 14a structured
to be electrically connected to the first extended electrode
portions 24a and the second auxiliary conductors 205; and
a second external electrode 146 structured to be electrically
connected to the second extended electrode portions 245 and
the third auxiliary conductors 20c.

In the laminated body 12, the first opposed electrode
portions 22a and the second opposed electrode portions 2256
are opposed to the first auxiliary conductors 20a with the
ceramic layers 16 interposed therebetween, to generate
clectrical characteristics (for example, electrostatic capaci-
tance). Therefore, electrostatic capacitance 1s obtained
between the first external electrode 14a connected to the first
internal electrodes 18a and the second external electrode
1456 connected to the second internal electrodes 18b.
Accordingly, the multilayer ceramic capacitor 10 that
includes this structure functions as a capacitor.

The external electrodes 14 preferably include a base
clectrode layer and a plated layer in order from the side
closer to the laminated body 12. The base electrode layers
cach include at least one selected from a baked layer, a resin
layer, a thin film layer, and the like, and a base electrode
layer formed from a baked layer will be described herein.

The baked layer includes glass and a metal. The layer
includes at least one metal selected from, for example, Cu,
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N1, Ag, Pd, an Ag—Pd alloy, and Au, as the metal of the
baked layer. The baked layer may preferably include mul-
tiple layers. The baked layer i1s formed by applying a
conductive paste including glass and a metal to the lami-
nated body 12, and baking the paste. The baked layer may
be subjected to firing at the same time as the ceramic layers
16, the internal electrodes 18, and the auxiliary conductors
20, or may be baked after the ceramic layers 16, the internal
clectrodes 18, and the auxiliary conductors 20 are subjected
to finnng. The thickest portion of the baked layer 1s prefer-
ably, 10 um or more and 50 um or less 1n thickness.

A resin layer including conductive particles and a ther-
mosetting resin may be formed on the surface of the baked
layer. It 1s to be noted that the resin layer may be formed
directly on the laminated body 12 without forming the baked
layer. In addition, the resin layer may include multiple
layers. The thickest portion of the resin layer 1s preferably
about 10 um or more and about 1350 um or less 1n thickness,
for example.

In addition, the thin film layer 1s preferably a layer of
about 1 um or less, for example, formed by a thin-film
formation method such as a sputtering method or a vapor
deposition method, with metal particles deposited.

In addition, the plated layer preferably includes plating of
one or more metals selected from Cu, N1, Sn, Pb, Au, Ag, Pd,
B1, and Zn, or of an alloy containing one or more of the
metals, for example.

The plated layer may include multiple layers. The plated
layer preferably includes a two-layer structure including a
first plated layer provided on the surface of the baked layer
and a second plated layer provided on the surface of the first
plated layer.

It 1s preferable to use N1 for the first plated layer. It 1s to
be noted that when the 1nternal electrodes 18 contain Ni, 1t
1s preferable to use, as the first plated layer, Cu which 1s able
to be securely jomned to Ni.

In addition, the second plated layer may include multiple
layers, and preferably includes a two-layer structure of Ni
plating and Sn plating. The N1 plating layer 1s used for
preventing the base electrode layer from being eroded by
solder used to mount the multilayer ceramic capacitor. In
addition, the Sn plating layer 1s used to improve the wetta-
bility of the solder for mounting the multilayer ceramic
capacitor, and thus allowing for easy mounting. It 1s to be
noted that the second plated layer i1s formed, 1 necessary,
and the external electrodes 14 may be composed of the
plated layer provided directly on the laminated body 12 and
directly connected to the internal electrodes 18, that 1s, the
first plated layer.

However, as a pretreatment, a catalyst may be provided on
the laminated body 12.

In addition, the second plated layer may be provided as an
outermost layer of the plated layer, and other plated layers
may be provided on the surface of the second plated layer.

The plated layer 1s preferably about 1 um or more and
about 10 um or less 1n thickness per each layer, for example.
In addition, the plated layer preferably contains no glass.
Furthermore, 1n the plated layer, the metal proportion per
unit volume 1s preferably about 99 volume % or more, for
example. In addition, the plated layer 1s preferably obtained
by grain growth 1n the thickness direction, which 1s colum-
nar.

It 1s to be noted that the dimension of the multilayer
ceramic capacitor 10 1n the length direction L 1s referred to
as an L dimension, the dimension of the multilayer ceramic
capacitor 10 including the laminated body 12, the first
external electrode 14a, and the second external electrode
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1456 1n the thickness direction T 1s referred to as a T
dimension, and the dimension of the multilayer ceramic
capacitor 10 including the laminated body 12, the first
external electrode 14a, and the second external electrode
145 1n the width direction W 1s referred to as a W dimension.

While the dimensions of the laminated body 12 are not
particularly limited, the L dimension 1n the length direction
L 1s preferably about 0.38 mm or more and about 3.50 mm
or less, the W dimension in the width direction W 1s
preferably about 0.18 mm or more and about 2.80 mm or
less, and the T dimension in the thickness direction T 1s
preferably about 0.18 mm or more and about 2.80 mm or
less, for example. Further, the dimensions of the multilayer
ceramic capacitor 10 may be measured with a microscope.

In the example of the multilayer ceramic capacitor 10, 1n
the laminated body 12, the first internal electrode 18a and
the second internal electrode 186 provided on the same
ceramic layer 16 are provided spaced away from each other.
Thus, even when either the first internal electrode 18a or the
second internal electrode 185 1s short-circuited, the other
internal electrode 18 which 1s not short-circuited 1s able to
maintain the capacitor function, because the first internal
clectrode 18a 1s not connected to the second internal elec-
trode 18b. Therefore, even when the multilayer ceramic
capacitor 10 1s cracked, a multilayer ceramic capacitor 1s
provided which includes the function of preventing short
circuit defects from occurring (so-called fail-sate function).

In addition, 1n this multilayer ceramic capacitor 10, the
auxiliary conductors 20 are provided between the adjacent
internal electrodes 18. Thus, even 1f the laminated body 12
1s cracked from the external electrodes 14 or the like, 1t 1s
possible to keep the internal electrodes 18 with a diflerent
polarity from being connected to each other. Therefore, even
when the multilayer ceramic capacitor 10 i1s cracked, a
multilayer ceramic capacitor 1s provided which includes the
function of preventing short circuit defects from occurring
(so-called fail-sate function).

Next, a modified example of the multilayer ceramic
capacitor according to the first preferred embodiment of the
present invention will be described. FIG. 4 1s an appearance
perspective view 1llustrating a modified example of the first
preferred embodiment of the multilayer ceramic capacitor
according to the present imvention, and FIG. 5 1s a cross-
sectional view of the multilayer ceramic capacitor shown 1n
FIG. 4 along the line II-11. FIG. 6 1s an exploded perspective
view of the laminated body shown in FIGS. 4 and 5. It 15 to
be noted that 1n the multilayer ceramic capacitor 10A shown
in FIGS. 4 through 6, the same portions as those of the
multilayer ceramic capacitor 10 shown 1n FIGS. 1 through
3 are denoted by the same symbols, and descriptions of the
portions will be omitted.

The difference of the configuration of the multilayer
ceramic capacitor 10A shown 1n FIGS. 4 through 6 {rom the
configuration of the multilayer ceramic capacitor 10 shown
in FIGS. 1 through 3 1s that external electrodes 14 are also
disposed on both end surfaces 12¢ and 12f of a laminated
body 12 because internal electrodes 18 and auxiliary con-
ductors 20 are also exposed partially at the both end surfaces
12¢ and 12/f.

The multilayer ceramic capacitor 10A includes the lami-
nated body 12 in the form of a cuboid, and the external
clectrodes 14.

The laminated body 12 includes multiple ceramic layers
16, multiple internal electrodes 18, and multiple auxiliary
conductors 20.

In the multilayer ceramic capacitor 10A, the internal
clectrodes 18 and the auxiliary conductors 20 are laminated
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alternately with ceramic layers 16 mterposed therebetween
in the laminated body 12, as shown in FIGS. 5 and 6.

The laminated body 12 includes, as the multiple internal
clectrodes 18, a plurality of first internal electrodes 18a and
a plurality of second internal electrodes 185. The {irst
internal electrodes 18a are disposed on the surfaces of the
ceramic layers 16. In addition, the first internal electrodes
18a each with a first opposed electrode portion 22a opposed
to the first side surface 12¢ and the second side surface 124,
are laminated in the direction of connecting the first side
surface 12¢ and the second side surface 124

In addition, the second internal electrodes 18a are dis-
posed on the surfaces of the same ceramic layers 16 as the
ceramic layers 16 on which the first internal electrodes 18a
are disposed. The second internal electrodes 185 each with
a second opposed electrode portion 225 opposed to the first
side surface 12¢ and the second side surface 12d, are
laminated in the direction of connecting the first side surface
12¢ and the second side surface 12d4. The first internal
clectrodes 18a are disposed closer to the first end surface
12¢, whereas the second internal electrodes 185 are disposed
closer to the second end surface 12f. In addition, the first
internal electrode 18a and the second internal electrode 1856
are arranged spaced away from each other on the surface of
the same ceramic layer 16.

The first internal electrodes 18a include first extended
clectrode portions 24a extended to corner regions defined by
the second principal surface 1256 and first end surface 12e of
the laminated body 12. The first extended electrode portions
24a are extended closer to the first end surface 12e. The
second internal electrodes 1856 include second extended
clectrode portions 245 that extend to corner regions defined
by the second principal surface 125 and second end surface
12/ of the laminated body 12. The second extended electrode
portions 24b are extended closer to the second end surface
12/ of the laminated body 12, at intervals from the first
extended electrode portions 24a. The first internal electrodes
18a and the second internal electrodes 185 are not disposed
at the first principal surface 12a and both side surfaces 12¢
and 124 of the laminated body 12. Further, the first internal
clectrodes 18a and the second internal electrodes 185 pret-
erably have an L or substantially L shape.

The first internal electrodes 18a and the second internal
clectrodes 186 are disposed perpendicular or substantially
perpendicular to the first principal surface 12a and second
principal surface 126 of the laminated body 12. The first
opposed electrode portions 22a of the first internal elec-
trodes 18a and the second opposed electrode portions 2256 of
the second internal electrodes 185 are disposed to be mutu-
ally opposed to the auxiliary conductors 20.

The laminated body 12 includes, as the multiple auxiliary
conductors 20, a plurality of first auxiliary conductors 20a,
a plurality of second auxiliary conductors 2056, and a plu-
rality of third auxiliary conductors 20c.

The first auxiliary conductors 20a are disposed on sur-
faces of the ceramic layers 16 which are different from the
ceramic layers 16 on which the internal electrodes 18 are
disposed, and disposed so as not to be exposed at the surface
of the laminated body 12. The shapes of the first auxiliary
conductors 20a are not particularly limited, but are prefer-
ably rectangular or substantially rectangular.

The second auxiliary conductors 206 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a are disposed.
The second auxiliary conductors 206 are arranged spaced
away from the first auxiliary conductors 20a, and disposed
so as to be exposed partially at the second principal surface
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1256 and the first end surface 12e. The second auxiliary
conductors 206 extend to corner regions defined by the

second principal surface 1256 and first end surface 12e of the
laminated body 12. In addition, the second auxiliary con-
ductors 206 are disposed closer to the first end surface 12e.
The shapes of the second auxiliary conductors 205 are not
particularly limited, but are preferably rectangular or sub-
stantially rectangular.

The third auxiliary conductors 20¢ are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a and second
auxiliary conductors 206 are disposed. The third auxiliary
conductors 20c¢ are arranged spaced away from the first
auxiliary conductors 20q and the second auxiliary conduc-
tors 200, and disposed so as to be exposed partially at the
second principal surface 1256 and the second end surface 12f.
The third auxiliary conductors 20¢ extend to corner regions
defined by the second principal surface 126 and second end
surface 12f of the laminated body 12. In addition, the third
auxiliary conductors 20c¢ are disposed closer to the second
end surface 12/. The shapes of the third auxiliary conductors
20c¢ are not particularly limited, but preferably rectangular.

The external electrodes 14 are disposed on the second
principal surface 1256 of the laminated body 12. The external
clectrodes 14 include a first external electrode 14a and a
second external electrode 14b. The first external electrode
14a 1s electrically connected to the first extended electrode
portions 24a of the first internal electrodes 18a and the
second auxiliary conductors 205 which extend to the second
principal surface 1256 and the first end surface 12e. There-
fore, the first external electrode 14a 1s disposed to extend to
the second principal surtace 125 to the first end surface 12e.

In addition, the second external electrode 1454 1s electri-
cally connected to the second extended electrode portions
24b of the second internal electrodes 186 and the third
auxiliary conductors 20¢ which extend to the second prin-
cipal surface 1256 and the second end surface 12f. Therelore,
the second external electrode 145 1s disposed to extend to the
second principal surface 125 to the second end surface 12f.

The external electrodes 14 each preferably include a base
clectrode layer and a plated layer in order from the side
closer to the laminated body 12.

This multilayer ceramic capacitor 10A achieves the same
or similar advantageous eflect as that of the multilayer
ceramic capacitor 10 described above, and also achieves the
following advantageous eflect.

More specifically, 1n the example of the multilayer
ceramic capacitor 10A, the first external electrode 14a 1s
disposed to extend to the second principal surface 125 to the
first end surface 12e, and the second external electrode 1454
1s disposed to reach the second principal surface 125 to the
second end surface 12/, and the electrode portions are thus
disposed on the end surfaces other than the mounting
surface. Therefore, the capacitor 1s able to not only fulfill a
fail-sate function, but also prevent the multilayer ceramic
capacitor from inclining 1n the case of mounting, and further
improve the fixing strength to a mounting board, due to the

increased joint surfaces of the multilayer ceramic capacitor
10A.

(2) Second Preferred Embodiment

Next, a multilayer ceramic capacitor according to a sec-
ond preferred embodiment of the present invention will be
described. FIG. 7 1s a perspective view illustrating the
second preferred embodiment of the multilayer ceramic
capacitor according to the present invention, and FIG. 8 1s a
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cross-sectional view of the multilayer ceramic capacitor
shown 1n FIG. 7 along the line III-II1. FIG. 9 1s an exploded
perspective view of the laminated body shown i FIGS. 7
and 8. It 1s to be noted that in the multilayer ceramic
capacitor 110 shown in FIGS. 7 through 9, the same or
similar portions as those of the multilayer ceramic capacitor
10 shown 1n FIGS. 1 through 3 are denoted by the same
symbols, and descriptions of the portions will be omutted.

The difference of the configuration of the multilayer
ceramic capacitor 110 shown in FIGS. 7 through 9 from the
configuration of the multilayer ceramic capacitor 10 shown
in FIGS. 1 through 3 1s that external electrodes 15 are further
disposed on the first principal surface 12a, because internal
clectrodes 118 extend to both principal surfaces 12a and
12b6. Furthermore, in the multilayer ceramic capacitor 110
shown 1n FIGS. 7 through 9, auxiliary conductors 20 include
fourth auxiliary conductors 204 and fifth auxiliary conduc-
tors 20e exposed at the first principal surface 12a.

The multilayer ceramic capacitor 110 includes a lami-
nated body 12 having a cuboid or substantially cuboid shape,
and external electrodes 14, 15.

The laminated body 12 includes multiple ceramic layers
16, the multiple internal electrodes 118, and the multiple
auxiliary conductors 20.

In the multilayer ceramic capacitor 110, the internal
electrodes 118 and the auxiliary conductors 20 are laminated
alternately with the ceramic layers 16 interposed therebe-
tween 1n the laminated body 12, as shown 1n FIGS. 8 and 9.

The laminated body 12 includes, as the multiple internal
clectrodes 118, a plurality of first internal electrodes 118a
and a plurality of second internal electrodes 1185. The first
internal electrodes 118a are disposed on the surfaces of the
ceramic layers 16. The first internal electrodes 118a each
include a first opposed electrode portion 22a opposed to a
first side surface 12¢ and a second side surface 12d, are
laminated in the direction of connecting the first side surface
12¢ and the second side surface 12d.

In addition, the second internal electrodes 118a are dis-
posed on the surfaces of the same ceramic layers 16 as the
ceramic layers 16 on which the first internal electrodes 118a
are disposed. The second internal electrodes 1185 each
include a second opposed electrode portion 225 opposed to
a first side surface 12¢ and a second side surface 124, are
laminated 1n the direction of connecting the first side surface
12¢ and the second side surface 12d4. The first internal
clectrodes 118a are disposed closer to the first end surface
12¢, and the second internal electrodes 11856 are disposed
closer to the second end surface 12f. In addition, the first
internal electrode 118a and the second internal electrode
1185 are arranged spaced away from each other on the
surface of the same ceramic layer 16.

The first internal electrodes 118a include first extended
clectrode portions 24a that extend to the second principal
surface 126 of the laminated body 12, and include first
extended electrode portions 25a that extend to the first
principal surface 12a of the laminated body 12. The first
extended electrode portions 24a and 254 extend closer to the
first end surface 12¢ of the laminated body 12. The second
internal electrodes 1185 include second extended electrode
portions 245 that extend to the second principal surtface 125
of the laminated body 12, and include second extended
clectrode portions 2356 that extend to the first principal
surface 12a of the laminated body 12. The second extended
clectrode portions 24H are extended closer to the second end
surface 12/ of the laminated body 12, at intervals from the
first extended electrode portions 24a, and the second
extended electrode portions 255 are extended closer to the

10

15

20

25

30

35

40

45

50

55

60

65

14

second end surface 121 of the laminated body 12, at intervals
from the first extended electrode portions 25a. The first
internal electrodes 118a and the second internal electrodes
1185 are not exposed at the both side surfaces 12¢ and 12d
and both end surfaces 12e and 12f. Further, the first internal
clectrodes 118¢ and the second internal electrodes 1185
preferably have a T-shape.

The first internal electrodes 118a and the second internal
clectrodes 1185 are disposed perpendicular or substantially
perpendicular to the first principal surface 12a and second
principal surface 126 of the laminated body 12. The first
opposed electrode portions 22a of the first internal elec-
trodes 118a and the second opposed electrode portions 225
of the second mternal electrodes 1186 are disposed to be
mutually opposed to the auxiliary conductors 20.

The laminated body 12 includes, as the multiple auxiliary
conductors 20, a plurality of first auxiliary conductors 20a,
a plurality of second auxiliary conductors 206, a plurality of
third auxiliary conductors 20¢, the plurality of fourth aux-
iliary conductors 20d, and the plurality of fifth auxiliary
conductors 20e.

The first auxiliary conductors 20a are disposed on sur-
faces of the ceramic layers 16 which are different from the
ceramic layers 16 on which the internal electrodes 18 are
disposed, and disposed so as not to be exposed at the surface
of the laminated body 12. The shapes of the first auxihary
conductors 20a are not particularly limited, but are prefer-
ably rectangular or substantially rectangular.

The second auxiliary conductors 205 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a are disposed.
The second auxiliary conductors 206 are arranged spaced
away from the first auxiliary conductors 20a, and disposed
so as to be exposed at the second principal surface 12b6. In
addition, the second auxiliary conductors 206 are disposed
closer to the first end surface 12e. The shapes of the second
auxiliary conductors 205 are not particularly limited, but are
preferably rectangular or substantially rectangular.

The third auxiliary conductors 20c¢ are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a and second
auxiliary conductors 206 are disposed. The third auxihary
conductors 20c¢ are arranged spaced away from the first
auxiliary conductors 20a and the second auxiliary conduc-
tors 206, and disposed so as to be exposed at the second
principal surface 12b. In addition, the third auxiliary con-
ductors 20c¢ are disposed closer to the second end surface
12f. The shapes of the third auxiliary conductors 20c¢ are not
particularly limited, but are preferably rectangular or sub-
stantially rectangular.

The fourth auxiliary conductors 204 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a, second
auxiliary conductors 205, and third auxiliary conductors 20c¢
are disposed. The fourth auxiliary conductors 204 are
arranged spaced away from the first auxiliary conductors
20a, the second auxiliary conductors 205, and the third
auxiliary conductors 20¢, and disposed so as to be exposed
at the first principal surface 12a that 1s a principal surface
opposed to the principal surface at which the second auxil-
1ary conductors 206 are exposed. In addition, the fourth
auxiliary conductors 204 are disposed closer to the first end
surface 12¢. The shapes of the fourth auxiliary conductors
20d are not particularly limited, but are preferably rectan-
gular or substantially rectangular.

The fifth auxiliary conductors 20e are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
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16 on which the first auxiliary conductors 20a, second
auxiliary conductors 2056, third auxiliary conductors 20c,
and fourth auxiliary conductor 204 are disposed. The fifth
auxiliary conductors 20e are arranged spaced away from the
first auxiliary conductors 20a, the second auxiliary conduc-
tors 206, the third auxiliary conductors 20c¢, and the fourth
auxiliary conductors 20d, and disposed so as to be exposed
at the first principal surface 12a that 1s a principal surface
opposed to the principal surface at which the third auxiliary
conductors 20c are exposed. In addition, the fifth auxiliary
conductors 20e are disposed closer to the second end surface
12/. The shapes of the fifth auxiliary conductors 20e are not
particularly limited, but are preferably rectangular or sub-
stantially rectangular.

When the first internal electrodes 118a and the second
internal electrodes 11856 have T shapes, and the first auxiliary
conductors 20a, the second auxiliary conductors 2056, the
third auxiliary conductors 20c¢, the fourth auxiliary conduc-
tors 204, and the fifth auxiliary conductors 20e have rect-
angular or substantially rectangular shapes, the printability
ol mternal electrode patterns and auxiliary conductor pat-
terns 1s 1mproved in the manufacturing process, to enable
casy formation of the first auxiliary conductors 20a, the
second auxiliary conductors 205, the third auxiliary conduc-
tors 20c¢, the fourth auxiliary conductors 204, and the fifth
auxiliary conductors 20e.

The external electrodes 14 are provided on the second
principal surface 126 of the laminated body 12, and the
external electrodes 15 are provided on the first principal
surface 12a of the laminated body 12. The external elec-
trodes 14 1nclude a first external electrode 14a structured to
be electrically connected to the first extended electrode
portions 24a and the second auxiliary conductors 205; and
a second external electrode 145 structured to be electrically
connected to the second extended electrode portions 245 and
the third auxiliary conductors 20c¢. In addition, the external
clectrodes 15 include a thuird external electrode 15a struc-
tured to be electrically connected to the first extended
clectrode portions 25a and the fourth auxiliary conductors
20d; and a fourth external electrode 154 structured to be
clectrically connected to the second extended electrode
portions 256 and the fifth auxiliary conductors 20e.

The external electrodes 14 and 15 each preferably
includes a base electrode layer and a plated layer 1n order
from the side closer to the laminated body 12.

This multilayer ceramic capacitor 110 achieves the same
or similar advantageous eflect as that of the multilayer
ceramic capacitor 10 described above, and also achieves the
tollowing advantageous eflect.

More specifically, in the example of the multilayer
ceramic capacitor 110, the external electrodes 15 are dis-
posed on the first principal surface 12a of the laminated
body 12, and the external electrodes 14 are disposed on the
second principal surface 126 thereof, and any of the first
principal surface 12a and the second principal surface 125
may thus be used as a mounting surface. Therefore, the
capacitor provides the effect of eliminating the need to select
the ornientation for mounting. Accordingly, the multilayer
ceramic capacitor 110 1s able be mounted efliciently onto a
circuit board.

Next, a modified example of the multilayer ceramic
capacitor according to the second preferred embodiment of
the present invention will be described. FIG. 10 1s an
appearance perspective view illustrating a modified example
of the second preferred embodiment of the multilayer
ceramic capacitor according to the present invention, and
FIG. 11 1s a cross-sectional view of the multilayer ceramic
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capacitor shown in FIG. 10 along the line IV-IV. FIG. 12 1s
an exploded perspective view of the laminated body shown
in FIGS. 10 and 11. It 1s to be noted that in the multilayer
ceramic capacitor 110A shown i FIGS. 10 through 12, the
same or similar portions as those of the multilayer ceramic
capacitor 10 shown 1n FIGS. 1 through 3 and the multilayer
ceramic capacitor 110 shown i FIGS. 7 through 9 are
denoted by the same symbols, and descriptions of the
portions will be omitted.

The difference of the configuration of the multilayer
ceramic capacitor 110A shown 1n FIGS. 10 through 12 from
the configuration of the multilayer ceramic capacitor 110
shown 1n FIGS. 7 through 9 1s that external electrodes 14 and
15 are also disposed on both end surfaces 12¢ and 12f of a
laminated body 12 because internal electrodes 118 and
auxiliary conductors 20 are also exposed partially at the both
end surfaces 12¢ and 12f.

The multilayer ceramic capacitor 110A 1ncludes the lami-
nated body 12 having a cuboid or substantially cuboid shape,
and the external electrodes 14, 15.

The laminated body 12 includes multiple ceramic layers
16, the multiple internal electrodes 118, and the multiple
auxiliary conductors 20.

In the multilayer ceramic capacitor 110A, the internal
clectrodes 118 and the auxiliary conductors 20 are laminated
alternately with ceramic layers 16 iterposed therebetween
in the laminated body 12, as shown in FIGS. 11 and 12.

The laminated body 12 includes, as the multiple internal
clectrodes 118, a plurality of first internal electrodes 118a
and a plurality of second internal electrodes 1185. The first
internal electrodes 118a are disposed on the surfaces of the
ceramic layers 16. In addition, the first internal electrodes
118a each with a first opposed electrode portion 22a
opposed to a first side surface 12¢ and a second side surface
124, are laminated in the direction of connecting the first
side surface 12¢ and the second side surface 12d.

In addition, the second internal electrodes 118a are dis-
posed on the surfaces of the same ceramic layers 16 as the
ceramic layers 16 on which the first internal electrodes 118a
are disposed. The second internal electrodes 1185 each
including a second opposed electrode portion 225 opposed
to a first side surface 12¢ and a second side surface 12d, are
laminated 1n the direction of connecting the first side surface
12¢ and the second side surface 12d. The first internal
clectrode 118a and the second internal electrode 1185 are
arranged spaced away from each other on the surface of the
same ceramic layer 16.

The first internal electrodes 118a include first extended
clectrode portions 24qa that extend to corner regions formed
by the second principal surface 126 and first end surface 12¢
of the laminated body 12, and include first extended elec-
trode portions 25q that extend to corner regions defined by
the first principal surface 12q and first end surface 12e of the
laminated body 12. The first extended electrode portions 24a
and 235a are extended closer to the first end surface 12¢. The
second internal electrodes 1185 include second extended
clectrode portions 245 that extend to corner regions defined
by the second principal surface 125 and second end surface
12f of the laminated body 12, and include second extended
clectrode portions 255 that extend to corner region defined
by the first principal surface 12a and second end surface 12/
of the laminated body 12. The second extended electrode
portions 24b and 255b are extended closer to the second end
surface 12/ of the laminated body 12, at intervals from the
first extended electrode portions 24a and 235a. The first
internal electrodes 118a and the second internal electrodes
1185 are not disposed at the first principal surface 12a and
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both side surfaces 12¢ and 124 of the laminated body 12.
Further, the first internal electrodes 118a and the second
internal electrodes 1185 preferably have a T or substantially
T shape.

The first internal electrodes 118a and the second internal
clectrodes 1185 are disposed perpendicular or substantially
perpendicular to the first principal surface 12a and second
principal surface 126 of the laminated body 12. The first
opposed electrode portions 22a of the first internal elec-
trodes 118a and the second opposed electrode portions 225
of the second internal electrodes 1186 are disposed to be
mutually opposed to the auxiliary conductors 20.

The laminated body 12 includes, as the multiple auxiliary
conductors 20, a plurality of first auxiliary conductors 20a,
a plurality of second auxihiary conductors 205, a plurality of
third auxiliary conductors 20c¢, the plurality of fourth aux-
iliary conductors 20d, and the plurality of fifth auxiliary
conductors 20e.

The first auxiliary conductors 20a are disposed on sur-
faces of the ceramic layers 16 which are different from the
ceramic layers 16 on which the internal electrodes 18 are
disposed, and disposed so as not to be exposed at the surface
of the laminated body 12. The shapes of the first auxiliary
conductors 20a are not particularly limited, but are prefer-
ably rectangular or substantially rectangular.

The second auxiliary conductors 205 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a are disposed.
The second auxiliary conductors 206 are arranged spaced
away from the first auxiliary conductors 20a, and disposed
s0 as to be exposed partially at the second principal surface
126 and the first end surface 12e. The second auxihiary
conductors 2056 extend to corner regions formed by the
second principal surface 1256 and first end surface 12e of the
laminated body 12. In addition, the second auxiliary con-
ductors 206 are disposed closer to the first end surface 12e.
The shapes of the second auxiliary conductors 206 are not
particularly limited, but are preferably rectangular or sub-
stantially rectangular.

The third auxiliary conductors 20c¢ are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a and second
auxiliary conductors 2056 are disposed. The third auxihary
conductors 20c¢ are arranged spaced away from the first
auxiliary conductors 20aq and the second auxiliary conduc-
tors 205, and disposed so as to be exposed partially at the
second principal surface 1256 and the second end surface 12f.
The third auxiliary conductors 20c¢ extend to corner regions
defined by the second principal surface 126 and second end
surface 12f of the laminated body 12. In addition, the third
auxiliary conductors 20c¢ are disposed closer to the second
end surface 12/. The shapes of the third auxiliary conductors
20¢ are not particularly limited, but are preferably rectan-
gular or substantially rectangular.

The fourth auxiliary conductors 204 are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a, second
auxiliary conductors 205, and third auxiliary conductors 20c¢
are disposed. The fourth auxiliary conductors 204 are
arranged spaced away from the first auxiliary conductors
20a, the second auxiliary conductors 205, and the third
auxiliary conductors 20c¢, and disposed so as to be exposed
partially at the first principal surface 12a that 1s a surface
opposed to the principal surface at which the second auxil-
1ary conductors 205 are exposed, and the first end surface
12¢. The fourth auxiliary conductors 204 extend to corner
regions defined by the first principal surface 12a and first
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end surface 12¢ of the laminated body 12. In addition, the
fourth auxiliary conductors 204 are disposed closer to the
first end surface 12e. The shapes of the fourth auxiliary
conductors 204 are not particularly limited, but preferably
rectangular or substantially rectangular.

The fifth auxiliary conductors 20e are disposed on the
surfaces of the same ceramic layers 16 as the ceramic layers
16 on which the first auxiliary conductors 20a, second
auxiliary conductors 205, third auxiliary conductors 20c,
and fourth auxiliary conductor 204 are disposed. The fifth
auxiliary conductors 20e are arranged spaced away from the
first auxiliary conductors 20a, the second auxiliary conduc-
tors 206, the third auxiliary conductors 20c, and the fourth
auxiliary conductors 20d, and disposed so as to be exposed
partially at the first principal surface 124 that 1s a surface
opposed to the principal surface at which the third auxiliary
conductors 20c¢ are exposed, and the second end surface 12f.
The fifth auxiliary conductors 20e extended comer regions

defined by the first principal surface 124 and second end
surface 121 of the laminated body 12. In addition, the fifth

auxiliary conductors 20e are disposed closer to the second
end surface 12f. The shapes of the fifth auxiliary conductors
20e are not particularly limited, but are preferably rectan-
gular or substantially rectangular.

The external electrodes 14 are provided on the second
principal surface 126 of the laminated body 12, and the
external electrodes 15 are provided on the first principal
surface 12a of the laminated body 12. The external elec-
trodes 14 include a first external electrode 14a and a second
external electrode 14b. The first external electrode 14a 1s
clectrically connected to the first extended electrode portions
24a of the first internal electrodes 118a and the second
auxiliary conductors 2056 which extend to the second prin-
cipal surface 126 and the first end surface 12¢. Therefore, the
first external electrode 14a 1s disposed to extend to the
second principal surface 125 to the first end surface 12¢. In
addition, the second external electrode 14b 1s electrically
connected to the second extended electrode portions 2456 of
the second internal electrodes 1185 and the third auxiliary
conductors 20c which extend to the second principal surface
126 and the second end surface 12/. Therefore, the second
external electrode 145H 1s disposed to extend to the second
principal surface 125 to the second end surface 12/.

The external electrodes 135 1nclude a third external elec-
trode 154 and a fourth external electrode 154. The third
external electrode 15a 1s electrically connected to the first
extended electrode portions 235a of the first internal elec-
trodes 118a and the fourth auxiliary conductors 204 which
extend to the first principal surface 124 and the first end
surface 12e¢. Theretore, the third external electrode 154 1s
disposed to extend to the first principal surface 12a to the
first end surface 12e. In addition, the fourth external elec-
trode 1556 1s electrically connected to the second extended
clectrode portions 255 of the second internal electrodes 1185
and the fifth auxiliary conductors 20e which extend to the
first principal surface 12a and the second end surface 12f.
Therefore, the fourth external electrode 155 1s disposed to
extend to the first principal surface 12a to the second end
surface 12/.

The external electrodes 14 and 13 each preferably include
a base electrode layer and a plated layer 1n order from the
side closer to the laminated body 12.

This multilayer ceramic capacitor 110A achieves the same
or similar advantageous eflect as that of the multilayer
ceramic capacitor 110 described above, and also achieves

il

the following advantageous eflect.
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More specifically, in the example of the multilayer
ceramic capacitor 110A, the first external electrode 14a 1s

disposed to extend to the second principal surface 125 to the
first end surface 12e, and the third external electrode 15a 1s
disposed to extend to the first principal surface 12a to the
first end surface 12e, and the second external electrode 1454
1s disposed to extend to the second principal surface 125 to
the second end surface 12/, and the fourth external electrode
155 1s disposed to extend to the first principal surface 12a to
the second end surface 12/, and the electrode portions are
thus provided on the end surfaces other than the mounting,
surface. Therefore, the capacitor 1s able to not only fulfill a
fail-safe function, and additionally achieve the eflect of
climinating the need to select the orientation for mounting,
but also prevent the multilayer ceramic capacitor 110A from
inclining during mounting, and further improve the fixing
strength to a mounting board, due to the increased joint
surfaces of the multilayer ceramic capacitor 110A.

2. Method for Manufacturing Multilayer Ceramic
Capacitor

Next, a non-limiting example of a method for manufac-
turing the multilayer ceramic capacitor will be described. A
method for manufacturing multilayer the ceramic capacitor
10 will be primarily described below.

First, ceramic green sheets and a conductive paste for
internal electrodes are prepared. The ceramic green sheets
and the conductive paste for internal electrodes include a
binder (for example, a known organic binder) and a solvent
(for example, an organic solvent).

Next, on the ceramic green sheets, the conductive paste 1s
applied 1n predetermined patterns, for example, by screen
printing, for example, to forming conductive paste layers.
Specifically, the paste composed of a conductive material 1s
applied onto the ceramic green sheets by a method, such as
a screen printing method or a photolithography method, to
form conductive paste layers. The paste composed of the
conductive material 1s, for example, a metal powder with an
organic binder and an organmic solvent added thereto. In
addition, ceramic green sheets for outer layers are also
prepared which include no internal electrode pattern printed.

For example, as shown 1n FIG. 13, on a ceramic green
sheet 30, internal electrode patterns 34 and an auxiliary
conductor pattern 36 are provided as the conductive paste
layers. It 1s to be noted that the ceramic green sheet 30
shown 1n FIG. 13 1s one of the ceramic green sheets. In FIG.
13, a vertical cut site L1 and a horizontal cut site L2 are
indicated by dotted lines after laminating the ceramic green
sheets. The ceramic green sheet 30 includes the internal
clectrode patterns 34 and 34 disposed in one region, and
includes the auxiliary conductor pattern 36 disposed 1n the
other region, with a space 32a provided from the internal
clectrode pattern 34.

The internal electrode patterns 34 and 34 disposed at one
side of the ceramic green sheet 30 are each formed to have
a recess shape. The internal electrode patterns 34 and 34 are
disposed with a space 325 mterposed therebetween such that
recess portions 34a of the respective internal electrode
patterns 34 are opposed to each other.

In addition, the auxiliary conductor pattern 36 1s disposed
in the other region of the ceramic green sheet 30. The
auxiliary conductor pattern 36 includes first auxiliary con-
ductor patterns 40a, second auxiliary conductor patterns
405, and third auxiliary conductor patterns 40c¢. In the other
region ol the ceramic green sheet 30, the first auxiliary
conductor patterns 40a and 40a are disposed with a space
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32¢ interposed therebetween. In the space 32¢, the second
auxiliary conductor patterns 405 connected and the third
auxiliary conductor patterns 40c¢ connected are disposed
with a space 32d interposed therebetween.

The vertical cut site L1 1s set 1n a vertical direction, so as
to pass through a substantially central portion between the
internal electrode pattern 40 and the auxiliary conductor
pattern 36 in the ceramic green sheet 30. Then, the cutting
along the vertical cut site L1 separates the internal electrode

patterns 34 from the auxiliary conductor pattern 36.

In addition, the vertical cut site .2 1s set 1in a vertical
direction, so as to pass through substantially central portions
of the recess portions 34a of the internal electrode patterns
34 at one side of the ceramic green sheet 30. The cutting
along the vertical cut site L2 forms, from the internal
clectrode patterns 34, first regions 50a that each include a
first internal electrode pattern 38a formed to define the first
internal electrode 18a and a second internal electrode pattern
386 formed to define the second internal electrode 18b6. In
the first regions 50q, at the vertical cut site L2, first extended
clectrode portion patterns 39a are extended to define the first
extended electrode portions 24a of the first internal elec-
trodes 184, and likewise, second extended electrode portion
patterns 3956 are extended to define the second extended
electrode portions 245 of the second internal electrodes 185.

Furthermore, the vertical cut site L2 1s set in a horizontal
direction through a substantially central portion of the space
32¢ at the other side of the ceramic green sheet 30. The
cutting along the vertical cut site L2 separates the second
auxiliary conductor patterns 406 from each other, and the
third auxiliary conductor patterns 40c from each other,
thereby forming second regions 505 that each include the
first auxiliary conductor pattern 40a formed to define the
first auxiliary conductor 20a, the second auxiliary conductor
pattern 405 formed to define the second auxiliary conductor
205, and the third auxiliary conductor pattern 40¢ formed to
define the third auxiliary conductor 20c¢. In the second
regions 505, the second auxiliary conductor patterns 406 and
the third auxihiary conductor patterns 40c¢ are extended at the
vertical cut site L2.

Then, the ceramic green sheet 30 with the internal elec-
trode pattern layers 34 and auxiliary conductor pattern layer
36 formed thereon 1s used to prepare a stacked sheet. More
specifically, the ceramic green sheets 30 without any con-
ductive paste layer formed thereon are stacked, the ceramic
green sheets 30 with the internal electrode pattern layers 34
and auxiliary conductor pattern layer 36 formed thereon are
stacked thereon, and the ceramic green sheets 30 without
any conductive paste layer formed thereon are further
stacked, thereby preparing a stacked sheet. In this regard, the
ceramic green sheets 30 are stacked so that the first region
50a includes an overlap with the second region 5056. This
stacked body 1s subjected to pressing in the stacking direc-
tion by a method such as 1sostatic press, thereby making 1t
possible to provide a mother laminated body.

Furthermore, the stacked sheet 1s subjected to pressing in
the stacking direction by, for example, 1sostatic pressing,
thereby preparing a laminated block.

Subsequently, the laminated block 1s cut into a predeter-
mined size, thereby preparing a laminated chip. In this
regard, the laminated chip may include comers and ridges
that are rounded by barrel polishing or the like.

Next, a laminated body 1s prepared by firing the laminated
chip. The firing temperature 1s preferably about 900° C. or
higher and about 1300° C. or lower, for example, depending
on the materials of the ceramic and internal electrodes.
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In this regard, the first extended electrode portions 24a of
the first internal electrodes 18a are exposed from the second
principal surface 125 of the laminated body 12. Further, the
base electrode layer of the first external electrode 14a 1s
formed to cover the first extended electrode portions 24a of
the first internal electrodes 18a exposed from the second
principal surface 125 of the laminated body 12. In addition,
the second extended electrode portions 24a of the second
internal electrodes 186 are exposed from the second prin-
cipal surface 125 of the laminated body 12. Further, the base
clectrode layer of the second external electrode 14H 1s
formed to cover the second extended electrode portions 2456
of the second internal electrodes 186 exposed from the
second principal surface 126 of the laminated body 12.

In order to form the base electrode layer of the first
external electrode 14a, for example, a conductive paste for
external electrodes 1s applied to the exposed portions of the
first extended electrode portions 24a of the first internal
clectrodes 18a exposed from the second principal surface
126 of the laminated body 12, and baked. In addition, 1n
order to form the base electrode layer of the second external
clectrode 14b, for example, a conductive paste for external
clectrodes 1s applied to the exposed portions of the second
extended electrode portions 245 of the second internal
clectrodes 1856 exposed from the second principal surface

126 of the laminated body 12, and baked. In this regard, the

baking temperature 1s preferably about 700° C. or higher and
about 900° C. or lower, for example. Further, if necessary,
one or more plated films are formed on the surfaces of the

base electrode layers, thereby forming the external elec-
trodes 14.

Alternatively, 1n order to form the base electrode layer of
the first external electrode 14q, for example, the exposed
portions of the first extended electrode portions 24a of the
first internal electrodes 18a exposed from the second prin-
cipal surface 125 of the laminated body 12 may be subjected
to plating treatment. In addition, in order to form the base
clectrode layer of the second external electrode 1456, for
example, the exposed portions of the second extended
clectrode portions 245 of the second internal electrodes 1856

exposed from the second principal surface 126 of the
laminated body 12 may be subjected to plating treatment.
While any of electrolytic plating and electroless plating may
be adopted for the plating treatment, the electroless plating
has the disadvantage of requiring pretreatment with a cata-
lyst or the like 1n order to improve the plating deposition
rate, which makes the process complicated. Therefore, typi-
cally, 1t 1s preferable to use electrolytic plating. It 1s prefer-
able to use a barrel plating method as a method for the
plating.

It 1s to be noted that 1n the example of forming a surface
conductor, a surface conductor pattern may be applied by
printing 1n advance onto the surface of the ceramic green
sheet as an outermost layer, and subjected to co-firing with
the laminated body, or a surface conductor may be applied
by printing onto the principal surface of the fired laminated
body, and then subjected to baking. In addition, 11 necessary,
one or more plated films may preferably be formed on the
surfaces of the base electrode layers, thereby forming the
external electrodes 14.

In the manner described above, the multilayer ceramic
capacitor 10 shown i FIG. 1 1s manufactured.

Advantageous eflects of the multilayer ceramic capacitor
obtained as described above will be also evident from the
following experimental example.
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3. Experimental Example

An experimental example will be described below which
was provided by the inventors to confirm the advantageous
cllects of the invention.

In the experimental example, each sample was prepared
while a multilayer ceramic capacitor according to the first
preferred embodiment as shown in FIG. 1 through 3 was
regarded as an example, whereas a conventional multilayer
ceramic capacitor 1n an aspect as illustrated 1n FIG. 14 was
regarded as a comparative example, and for each sample of
multilayer ceramic capacitors according to the example and
comparative example, experiments to confirm whether or
not the sample was cracked and whether or not the sample
was short-circuited were made under predetermined condi-
tions.

The multilayer ceramic capacitor as the sample according,
to the example, prepared for the experiment, includes speci-
fications as follows. It 1s to be noted that patterns for internal
clectrodes and auxiliary conductors of the multilayer
ceramic capacitor according to the example were made 1n
the same or similar manner as in the multilayer ceramic
capacitor according to the first preferred embodiment as
shown 1n FIGS. 1 through 3. In addition, dimensions, such
as a size, have designed values.

Size: IxWxT=3.2 mmx1.6 mmx1.6 mm

Material of ceramic layers: BaTiO,
Material of internal electrodes: N1
Material of auxiliary conductors: Ni

Structure of external electrode:

Baked layer: Applying and baking a paste containing a
metal powder (Cu) and glass

Plated layer: Two-layer structure of N1 plated layer and Sn
plated layer

In addition, the multilayer ceramic capacitor as the sample
according to the comparative example, prepared for the
experiment, ncludes specifications as follows. It 1s to be
noted that patterns for internal electrodes of the multilayer
ceramic capacitor according to the comparative example
were made in the same or similar manner as with the
multilayer ceramic capacitor shown in FIG. 14. In addition,
dimensions, such as a size, have designed values.

Size: LxWx7=3.2 mmx1.6 mmx1.6 mm

Material of ceramic layers: BaTiO,

Material of internal electrodes: N1

Structure of external electrode:

Baked layer: Applying and baking a paste containing a
metal powder (Cu) and glass

Plated layer: Two-layer structure of N1 plated layer and Sn
plated layer

Condition 1: After Mounting onto a Board

For each of the samples according to the example and the
comparative example, whether or not the sample was
cracked and whether or not the sample was short-circuited
were confirmed under the following four conditions. For
cach condition, twenty samples were prepared for each of
the example and comparative example, in order to confirm
whether or not the respective samples were cracked and
whether or not the samples were short-circuited. The con-
firmatory results for each condition are shown below.

Reflow mounting was performed onto a JEITA land board
with the use of a LF solder. Thereafter, each sample was
removed from the board, a side surface of the sample was
polished to the center in the width direction, and 1t was
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confirmed whether or not there was any crack with an edge
end of the fired electrode layer as a starting point at the
polished surface.

In addition, each sample was mounted onto a glass-epoxy
board with the use of an LF solder. Thereafter, a humidity
load acceleration test for 144 hours was performed by
applying a rated voltage to each sample 1n a high-tempera-
ture and high-humaidity tank at 125° C., relative humadity of
95% RH, and 1.2 atmospheres. The sample with an insula-
tion resistance value (IR value) decreased by two or more
orders of magnitude was determined to a short-circuited
sample.

Table 1 shows the results of confirming the number of
cracks generated and the number of short circuits generated
for each of the example and comparative example under
Condition 1.

TABLE 1

The Number of Short
Circuits Generated

The Number of
Cracks Generated

0/20
0/20

0/20
1/20

Example
Comparative Example

According to Table 1, it has been confirmed that one
sample 1s cracked in the comparative example, while as for
the number of short circuits generated, no short circuit 1s
caused in either the example or the comparative example.

Condition 2: Detlection Test aiter Mounting onto a Board

Reflow mounting was performed onto a JEITA land board
with the use of a LF solder, and the wiring board was
allowed to undergo a detlection for 5 seconds with a certain
amount of deflection (about 5 mm). Thereafter, the sample
was removed from the board, a side surface of the sample
was polished to the center or approximate center in the width
direction, and 1t was confirmed whether or not there was any
crack with an edge end of the fired electrode layer as a
starting point at the polished surface.

In addition, each sample was mounted onto a glass-epoxy
board with the use of an LF solder. After the wiring board
was allowed to undergo a deflection for 5 seconds with the
certain amount of deflection (about 5 mm), a humidity load
acceleration test for 144 hours was performed by applying a
rated voltage to each sample 1n a high-temperature and
high-humidity tank at about 125° C., relative humidity of
about 95% RH, and about 1.2 atmospheres. The sample with
an 1nsulation resistance value (IR value) decreased by two or
more orders of magnitude was determined to a short-
circuited sample.

Table 2 shows the results of confirming the number of
cracks generated and the number of short circuits generated
for each of the example and comparative example under the
condition 2.

TABLE 2

The Number of Short
Circuits Generated

The Number of
Cracks Generated

0/20
12/20

17/20
18/20

Example
Comparative Example

According to Table 2, 1n the example, seventeen samples
were cracked, but no short-circuited sample was confirmed.

On the other hand, 1n the comparative example, it has
been confirmed that eighteen samples are cracked, whereas
twelve samples are short-circuited.
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Condition 3: Reflow Multiple Times after Mounting onto
a Board

Reflow mounting was performed onto a JEITA land board
with the use of a LF solder, and under the same or similar
condition, reflow was performed five times. Thereafter, the
sample was removed from the board, a side surface of the
sample was polished to the center in the width direction, and
it was confirmed whether or not there was any crack with an
edge end of the fired electrode layer as a starting point at the
polished surface.

In addition, each sample was mounted by reflow onto a
glass-epoxy board with the use of an LF solder. After retlow
was performed five times under the same condition, a
humidity load acceleration test for 144 hours was performed
by applying a rated voltage to each sample 1n a high-
temperature and high-humaidity tank at about 125° C., rela-
tive humidity of about 95% RH, and about 1.2 atmospheres.
The sample with an insulation resistance value (IR value)
decreased by two or more orders of magnitude was deter-
mined to a short-circuited sample.

Table 3 shows the results of confirming the number of
cracks generated and the number of short circuits generated
for each of the example and comparative example under the
condition 3.

TABLE 3

The Number of Short
Circuits Generated

The Number of
Cracks Generated

0/20
1/20

3/20
3/20

Example
Comparative Example

According to Table 3, 1n the example, three samples were
cracked, but no short-circuited sample was confirmed.

On the other hand, 1n the comparative example, 1t has
been confirmed that three samples are cracked, whereas one
sample 1s short-circuited.

Condition 4: Temperature Cycle Test after Mounting onto
a Board

Reflow mounting was performed onto a JEITA land board
with the use of a LF solder, and the cycle of maintaiming
cach of the mimmimum and maximum operating temperatures
for 30 minutes for each temperature was repeated 2000
times. Therealter, the sample was removed from the board,
a side surface of the sample was polished to the center or
approximate center in the width direction, and it was con-
firmed whether or not there was any crack with an edge end
of the fired electrode layer as a starting point at the polished
surface.

In addition, each sample was mounted onto a glass-epoxy
board with the use of an LF solder. Then, after the cycle of
maintaining each of the minimum and maximum operating
temperatures for 30 minutes for each temperature was
repeated 2000 times, a humidity load acceleration test for
144 hours was performed by applying a rated voltage to each
sample 1n a high-temperature and high-humidity tank at
about 125° C., relative humidity of about 95% RH, and
about 1.2 atmospheres. The sample with an insulation resis-
tance value (IR value) decreased by two or more orders of
magnitude was determined to a short-circuited sample.

Table 4 shows the results of confirming the number of
cracks generated and the number of short circuits generated
for each of the example and comparative example under the
conduction 4.
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TABLE 4

The Number of Short
Circuits Generated

The Number of
Cracks Generated

0/20
3/20

8/20
10/20

Example
Comparative Example

According to Table 4, 1n the example, eight samples were
cracked, but no short-circuited sample was confirmed.

On the other hand, 1n the comparative example, it has
been confirmed that ten samples are cracked, whereas three
samples are short-circuited.

From the foregoing results, 1t has been confirmed that the
samples according to the example are able to prevent the
multilayer ceramic capacitors from being short-circuited
even when the multilayer ceramic capacitors are cracked,
because the samples are provided with a fail-sate function.

While preferred embodiments of the present mmvention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A multilayer ceramic capacitor comprising:

a laminated body that includes a plurality of ceramic
layers laminated, first and second principal surfaces
which are opposed to each other, first and second side
surfaces which are opposed to each other 1n a laminat-
ing direction, and first and second end surfaces which
are opposed to each other 1n a length direction of the
laminated body, with one of the first and second prin-
cipal surfaces defining a mounting surface;

a first internal electrode disposed on a surface of one of
the plurality of ceramic layers in the laminated body,
and partially exposed at one of the first and second
principal surfaces;

a second internal electrode disposed on the surface of one
of the plurality of ceramic layers on which the first
internal electrode 1s disposed, arranged spaced away
from the first internal electrode, and partially exposed
at one of the first and second principal surfaces;

a first auxiliary conductor disposed 1n the laminated body,
disposed on a surface of a different one of the plurality
of ceramic layers from the one of the plurality of
ceramic layers on which the first and second internal
clectrodes are disposed, and unexposed at any of the
surfaces of the laminated body;

a second auxiliary conductor disposed on the surface of
the different one of the plurality of ceramic layers on
which the first auxiliary conductor 1s disposed,
arranged spaced away from the first auxiliary conduc-
tor, and exposed at one of the first and second principal
surfaces;

a third auxiliary conductor disposed on the surface of the
different one of the plurality of ceramic layers on which
the first and second auxiliary conductors are disposed,
arranged spaced away from the first and second auxil-
1ary conductors, and exposed at one of the first and
second principal surfaces;

a first external electrode connected to the first internal
clectrode and the second auxiliary conductor, and dis-
posed on the first or second principal surface; and

a second external electrode connected to the second
internal electrode and the third auxiliary conductor, and
disposed on the first or second principal surface;
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wherein the second and third auxiliary conductors
overlap the first auxiliary conductor 1n a thickness
direction, and the thickness direction in perpendicular
or substantially perpendicular to the laminating direc-
tion and the length direction.

2. The multilayer ceramic capacitor according to claim 1,
wherein

the first internal electrode 1s further exposed partially at

the first end surface;

the second internal electrode 1s further exposed partially

at the second end surtace;

the second auxiliary conductor 1s further exposed partially

at the first end surface;

the third auxiliary conductor 1s further exposed partially at

the second end surface;

the first external electrode 1s connected to the first internal

clectrode and the second auxiliary conductor, and dis-
posed partially on the first or second principal surface
to the first end surface:; and

the second external electrode 1s connected to the second

internal electrode and the third auxiliary conductor, and
disposed partially on the first or second principal sur-
face to the second end surface.

3. The multilayer ceramic capacitor according to claim 1,
wherein

the first and second internal electrodes have an L or

substantially L shape; and

the first auxiliary conductor, the second auxiliary conduc-

tor, and the third auxiliary conductor have a rectangular
or substantially rectangular shape.

4. The multilayer ceramic capacitor according to claim 2,
wherein

the first and second internal electrodes have an L or

substantially L shape; and

the first auxiliary conductor, the second auxiliary conduc-

tor, and the third auxiliary conductor have a rectangular
or substantially rectangular shape.

5. The multilayer ceramic capacitor according to claim 1,
wherein the first internal electrode 1s not connected to the
second internal electrode.

6. The multilayer ceramic capacitor according to claim 1,
wherein

the first internal electrode includes a first opposed elec-

trode portion that opposes the first auxiliary conductor;

the first internal electrode includes a first extended elec-
trode portion that opposes the second auxiliary con-
ductor;

the second internal electrode includes a second opposed

clectrode portion that opposes the first auxiliary con-
ductor; and

the second internal electrode includes a second extended

clectrode portion that opposes the third auxiliary con-
ductor.

7. The multilayer ceramic capacitor according to claim 1,
wherein the each of the first and second external electrodes
includes a base electrode layer and a plated layer 1in order
from a side closer to the laminated body.

8. The multilayer ceramic capacitor according to claim 7,
wherein the base electrode layer includes at least one layer
selected from a baked layer, a resin layer, or a thin film layer.

9. The multilayer ceramic capacitor according to claim 7,
wherein the base electrode layer 1s a baked layer including
glass and a metal.

10. The multilayer ceramic capacitor according to claim
7, wherein the plated layer includes multiple plated layers.
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11. A multilayer ceramic capacitor comprising:

a laminated body that includes a plurality of ceramic
layers laminated, first and second principal surfaces
which are opposed to each other, first and second side
surfaces which are opposed to each other 1n a laminat-
ing direction, and first and second end surfaces which
are opposed to each other, with one of the first or
second principal surfaces defining a mounting surface;

a first internal electrode disposed on a surface of one of
the plurality of ceramic layers in the laminated body,
and partially exposed at the first and second principal
surfaces;

a second internal electrode disposed on the surface of the
one of the plurality of ceramic layers on which the first
internal electrode 1s disposed, arranged spaced away
from the first internal electrode, and partially extended
at the first and second principal surfaces;

a first auxiliary conductor disposed in the laminated body,
disposed on a surface of a different one of the plurality
of ceramic layers from the one of the plurality of
ceramic layers on which the first and second internal
clectrodes are disposed, and unexposed at any of the
surfaces of the laminated body;

a second auxiliary conductor disposed on the surface of
the different one of the plurality of ceramic layers on
which the first auxiliary conductor 1s disposed,
arranged spaced away from the first auxiliary conduc-
tor, and exposed at any one of the first and second
principal surfaces;

a third auxiliary conductor disposed on the surface of the
different one of the plurality of ceramic layers on which
the first and second auxiliary conductors are disposed,
arranged spaced away from the first and second auxil-
1ary conductors, and exposed at any one of the first and
second principal surfaces;

a fourth auxiliary conductor disposed on the surface of the
different one of the plurality of ceramic layers on which
the first, second, and third auxiliary conductors are
disposed, arranged spaced away from the first, second,
and third auxiliary conductors, and exposed at the
principal surface opposed to the surface with the sec-
ond auxiliary conductor disposed;

a fifth auxiliary conductor disposed on the surface of the
different one of the plurality of ceramic layers on which
the first, second, third, and fourth auxiliary conductors
are disposed, arranged spaced away from the {irst,
second, third, and fourth auxiliary conductors, and
exposed at the principal surface opposed to the surface
with the third auxiliary conductor disposed;

a first external electrode disposed on the second principal
surface and connected to the first internal electrode and
the second auxiliary conductor;

a second external electrode disposed on the second prin-
cipal surface and connected to the second internal
clectrode and the third auxiliary conductor;

a third external electrode disposed on the first principal
surface and connected to the first internal electrode and
the fourth auxiliary conductor; and

a fourth external electrode disposed on the first principal
surtace and connected to the second internal electrode
and the fifth auxiliary conductor.

12. The multilayer ceramic capacitor according to claim

11, wherein

the first internal electrode 1s further exposed partially at
the first end surface;

the second internal electrode 1s further exposed partially
at the second end surface:
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the second auxiliary conductor and the fourth auxihary
conductor are further exposed partially at the first end
surface;

the third auxiliary conductor and the fifth auxiliary con-
ductor are further exposed partially at the second end
surface;

the first external electrode 1s connected to the first internal
clectrode and the second auxiliary conductor, and dis-
posed partially on the second principal surface to the
first end surface;

the second external electrode 1s connected to the second
internal electrode and the third auxiliary conductor, and
disposed partially on the second principal surface to the
second end surface:

the third external electrode 1s connected to the first
internal electrode and the fourth auxiliary conductor,
and disposed partially on the first principal surface to
the first end surface; and

the fourth external electrode 1s connected to the second
internal electrode and the fifth auxiliary conductor, and
disposed partially on the first principal surface to the
second end surface.

13. The multilayer ceramic capacitor according to claim

11, wherein

the first and second internal electrodes have a T or
substantially T shape; and

the first auxiliary conductor, the second auxiliary conduc-
tor, the third auxihiary conductor, the fourth auxihary
conductor, and the fifth auxiliary conductor have a
rectangular or substantially rectangular shape.

14. The multilayer ceramic capacitor according to claim

12, wherein

the first and second internal electrodes have a T or
substantially T shape; and

the first auxiliary conductor, the second auxiliary conduc-
tor, the third auxiliary conductor, the fourth auxiliary
conductor, and the fifth auxiliary conductor have a
rectangular or substantially rectangular shape.

15. The multilayver ceramic capacitor according to claim

11, wherein the first internal electrode 1s not connected to the
second 1nternal electrode.
16. The multilayver ceramic capacitor according to claim
11, wherein
the first internal electrode includes a first opposed elec-
trode portion that opposes the first auxiliary conductor;

the first internal electrode includes first extended elec-
trode portions that oppose the second auxiliary con-
ductor and the fourth auxiliary conductor;

the second internal electrode includes a second opposed

clectrode portion that opposes the first auxiliary con-
ductor; and

the second internal electrode includes second extended

clectrode portions that oppose the third auxiliary con-
ductor and the fifth auxiliary conductor.

17. The multilayer ceramic capacitor according to claim
11, wherein the each of the first, second, third, and fourth
external electrodes includes a base electrode layer and a
plated layer 1in order from a side closer to the laminated
body.

18. The multilayer ceramic capacitor according to claim
17, wherein the base electrode layer includes at least one
layer selected from a baked layer, a resin layer, or a thin film
layer.

19. The multilayer ceramic capacitor according to claim
17, wherein the base electrode layer 1s a baked layer
including glass and a metal.
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20. The multilayver ceramic capacitor according to claim
17, wherein the plated layer includes multiple plated layers.
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